S2
. Schematic of force analysis of the release-and-place process. (a) Van der Waals force ‫ܨ‬ ௩ௗ௪ on a GNP before the Laser is turned ON. The red arrow represents the Van der Walls force. (b) Incorporation of a push force on the GNP due to the accelarating thermal expansion of the donor substrate immediately after the laser is turned ON. The green arrow represents the push force ‫ܨ‬ ௨௦ . (c) The substrate continues to expand at an increasing rate and reaches to its maximum expansion rate. The push force exists up to this point. (d) The substrate expansion rate starts to decrease and the push force disappears. An equivelent inertial force ‫ܨ‬ ௧ appears on the GNP in the reference frame of the decelerating substrate. The blue arrow represents the inertia force ‫ܨ‬ ௧ . The GNP tries to escape from the substrate but the Van der Walls force ‫ܨ(‬ ௩ௗ௪ ) pulls on the GNP and slows this process. (e) The GNP is evetually released from the donor substrate when the inertial force ‫ܨ‬ ௧ is large enough to overcome the Van der Waals force ‫ܨ‬ ௩ௗ௪ . (f) The GNP reaches to the receiver substrate and attached to it due to the Van der Walls force between the GNP and the receiver substrate.
Mechanism of the release-and-place process: Colloidal gold nanoparticles solution is dried on a donor substrate. Figure S2 -(a) represents a gold nanoparticle (GNP) on a donor substrate. Van der Waals force ‫ܨ‬ ௩ௗ௪ holds the GNP on the donor substrate. When a focused laser beam is applied, in the beginning of the release process, the GNP is pushed upward by the substrate due to the accelerating thermal expansion of the substrate as shown in Figure S2-(b) . Therefore, the push force ‫ܨ‬ ௨௦ dominates and both the GNP and the substrate accelerate upward and move together with the same velocity. This process continues till the substrate achieved the maximum expansion rate as shown in Figure S2 -(c). This velocity corresponds to the maximum speed of 1.35 m/s shown in Figure 3c in the main text. Then the velocity of the substrate begins to decrease due to the reduced expansion rate of the substrate. It should be noted that there is no push force on the GNP at this moment due to the decelerating of the substrate. But an equivalent inertial force ‫ܨ(‬ ௧ ) appears on the GNP in the reference frame of the deaccelerating substrate (not an inertial reference frame) as shown in Figure S2-(d) . The GNP tries to escape from the substrate at this moment due to this upward inertial force (blue arrow in Figure S2 ). However, the Van der Waals force ‫ܨ(‬ ௩ௗ௪ ) between the substrate and the GNP pulls on the GNP and slows this process. The GNP is eventually released from the substrate when the inertial force ‫ܨ‬ ௧ is large enough to overcome the Van der Waals force ‫ܨ‬ ௩ௗ௪ as schematically shown in Figure S2 -(e). If a receiver substrate is placed on top of the donor substrate, the GNP eventually flies to and stick on the receiver substrate because of the Van der Waals force between the GNP and the receiver substrate as shown in Figure S2 -(f). The GNP is released from the PDMS substrate due to the rapid thermal expansion of the substrate when the laser is ON. The temperature dependent material properties of PDMS substrate used in the simulation are obtained from Ref [1] [2] [3] [4] .
